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In order to achieve the above-mentioned object, a 
liquid-crystal projector according to the present invention 
has a structure in which a base plate is disposed in a 
casing, a lamp-housing unit having a light source for 
projection, a light-guiding unit having Photo-separation 
means built therein, and an optical head unit as a 
combination of image-forming liquid-crystal light valves, a 
photosynthetic prism, and a.projection lens are disposed so 
a5 to form a main optical path exhibiting an L-shape in plan 
view, and the projection lens and the lamp-housing unit are 
disposed so as face a window and an opening perforated in 
the front and rear surfaces of the casing, respectively. 

A power unit and the driving control-circuit unit are 
respectively disposed between one side surface of the casing 
and the lamp-housing unit and between the other side surface 
of the casing and the light-guiding unit, a fan for cooling 
the optical head unit is disposed below the optical head 
unit, and a fan for cooling the lamp-housing unit is 
disposed in a space which is formed when the L-shaped main 
light path is formed and which is surrounded by the light- 
guiding unit, the lamp-housing unit, and the front surface 
and the one side surface of the casing. 
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The lamp-housing unit, the light-guiding unit, the 
optical head unit, the power unit, and the driving control- 
circuit unit are disposed so as to be independently 
detachable from the base plate. 

The driving control-circuit unit is divided into 
analogue and digital circuit units, and either one of the 
circuit units is disposed on the upper surface of the light- 
guiding unit. 

Also, the projector is characterized in that the lamp- 
housing unit is positioned and supported in an outer housing 
fixed to the base plate and can be mounted and dismounted 
through the opening perforated in the rear surface of the 

casing. 

[Operation] 

Light emitted from the light source (white light) for 
projection and guided into the light-guiding unit is 
separated into three primary colors in the unit, and each 
color light is modulated upon passing through the 
corresponding liquid-crystal light valve, in accordance with 
a corresponding video signal inputted into the liquid- 
crystal light valve. 

Then, each color light subjected to the above-mentioned 
modulation and control is subjected to mixture and synthesis, 
guided into the lens at the same time, and projected onto a 
screen in a magnified manner through the lens. 
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Focusing is performed by turning the projection lens 
facing the window perforated in the front surface of the 
casing so as to be moved back and forth. 

The liquid-crystal light valves and the prism are 
cooled by the fan disposed below the optical head unit. 
Also, the lamp-housing unit is cooled by the fan disposed 
close to the lamp-housing unit. Its cooling air is sent 
toward the power unit lying along one side surface of the 
lamp-housing unit so as to prevent overheat of the power 
unit. 

The driving control-circuit unit for driving the 
liquid-crys tal light valves is free from heat affectio n 
because of being disposed on the opposite side of the power 
unit, the lamp-housing unit, and so forth. In addition, the 
driving control-circuit unit is formed by the mutually 
separated analogue and digital circuit units, thereby 
preventing mutual interference between the two units and 

thus reducing noises. 

Replacement of the light source lamp for projection 
with new one is performed by dismounting the entire lamp- 
housing unit through the opening perforated in the rear 
surface of the casing. Upon being housed inside the opening 
after replacement of the lamp, the lamp-housing unit is 
properly positioned in the outer housing. 

Maintenance of each of the component units including 
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the lamp-housing unit can be performed by opening the casing 
and dismounting the unit from the base plate. 
[Embodiment] 

An embodiment of a liquid crystal projector according 
to the present invention will be described with reference to 
the drawings. 

Fig. 1 is an external perspective view of the liquid 
crystal projector according to the present invention, 
illustrating a state in which all components unitized 
function by function are housed in a rectangular 
parallelepiped casing 1. 

As shown in Fig. 2, the rectangular parallelepiped 
casing 1 disassembly formed by a bottom plate 1A, a front 
plate IB, a rear plate 1C, and a top plate ID integrally 
formed with both side plates. 

The bottom plate 1A has a pair of threaded legs 2 
disposed at the front of the lower surface thereof, for 
performing a vertical adjustment of a projection direction. 
Also, ventilating slits 3 are perforated so as to lie below 
an optical head unit, which will be described later. 

The front plate IB has a lens window 4 perforated 
therein so as to be slightly displaced from the central part 
thereof in the horizontal direction, the window 4 is covered 
by a laterally slidable cover plate 5, and cover plate 5 is 
laterally shifted when projection is performed. Also, the 
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front plate IE has a knob 5 disposed at the central part 
thereof, for tuning a variety of items such as an image and 
sound. The rear plate 1C has an opening 7 perforated 
therein so as to be slightly displaced from the central part 
thereof in the opposite direction to which the lens window 3 
perforated in the front plate IB is displaced, for mounting 
or dismounting a lamp-housing unit, which will be described 
later, and the opening 7 is covered by a panel integrally 
formed with the lamp-housing unit. 

Also, as shown in Fig. 3, the rear plate 1C has a 
power-connecting receptacle 8, a power on/off knob 9, and 
input terminals 10 used for a variety of signals. 

As shown in Fig. 2, the top plate ID and the bottom 
plate 1A respectively have positioning pin legs 11 and 
receiving tubes 12 disposed at all corners and other places 
thereof so as to correspond to each other vertically, and 
when the front plate IB and the rear plate 1C are 
respectively attached to the common front and rear of the 
top plate ID and the bottom plate 1A assembled with each 
other by fitting the pin legs 11 into the corresponding 
receiving tubes 12 and are fixed to each other with screws 
or the like, the casing 1 is assembled. The top plate ID 
has ventilating slits 13 perforated therein so as to extend 
broadly from the center thereof to a place thereof close to 
a power section. Although the ventilating slits 13 have a 
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loud speaker disposed therebelow, it is omitted in the 
figure. 

The bottom plate 1A has a base plate 14 detachable 
fixed thereon with screws or the like. 

The base unit 14 has a lamp-housing unit 15, a light- 
guiding unit 16, and an optical head unit 17 disposed 
thereon so as to form a main optical path exhibiting an L- 
shape in plan view (see Fig. 9), and a projection lens 18 of 
the optical head unit 17 and the lamp-housing unit 15 are 
disposed so as face the window 4 and the opening 7 
perforated in the front and rear surfaces of the casing, 
respectively. 

The lamp-housing unit 15 and the light-guiding unit 16 
respectively have a power unit 19 and a driving control- 
circuit unit 20 disposed outside thereof, and the lamp- 
housing unit 15> the light-guiding unit 16, the optical head 
unit 17, the power unit 19, and the driving control-circuit 
unit 20 are disposed so as to be independently detachable 
from the base plate 14. 

The driving control-circuit unit 20 includes an analog 
circuit and a digital circuit, which are unitized 
independently from each other, and a circuit unit 201 of 
either one of the circuits is disposed on the upper surface 
of the light-guiding unit 14. 

The base plate 14 has a flat propeller fan 21 fixed 
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thereon below the optical head unit 17 so as to blow fresh 
air sucked through the ventilating slits 3 of the bottom 
plate 1A of the casing, especially to cool a polarizer of 
each light valve. Also, in a space S (see Fig. 9) which is 
formed as a result of arranging the foregoing units so as to 
form the main optical path exhibiting an L-shape and which 
is surrounded by the light-guiding unit 16, the lamp-housing 
unit 15, and one side surface IE and the front surface IB of 
the casing 1, the base plate 14 has a sirocco fan 22 fixed 
thereto for forcing heat generated by the lamp-housing unit 
15 out through the ventilatmg slits 13 of the top plate ID, 
with the stream of fresh air sucked in the vicinity of the 
unit 15. Air heated up due to cooling heat generated by the 
power unit 19 and cooling the optical head unit 17 is 
ventilated at the same time. 

Fig. 4 is an external perspective view of the lamp- 
housing unit 15 and an outer housing 23 for housing and 
supporting the unit 15. The outer housing 23 is fixed to 
the base plate H and has an opening 24 perforated in the 
rear surface thereof so as to face the opening 7 perforated 
in the rear plate 1C of the casing. 

As shown in Fig. 4 and an exploded perspective view 
illustrated in Fig- 5, in box-shaped frames 25A and 25B, the 
lamp-housing unit 15 supports a light source lamp 26 for 
projection, for which a halogen lamp is available. 
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Reference numeral 27 is a reflector equipped with a cold 
mirror against heat, and a multi-mirror reflector is used as 
the reflector in order to improve brightness. Reference 
numeral 28 denotes a lamp socket, reference numeral 29 
denotes a lamp-dismounting ejector, reference numeral 30 
denotes a light-guiding tube disposed on the front surface 
of the box-shaped frame 25B with respect to the light path 
direction, reference numeral 31 denotes a cooling air tube 
disposed on the surface of the box-shaped frame 2SB close to 
the sirocco fan 22, and reference numeral 32 denotes a panel 
unit integrally formed with the surfaces of the box-shaped 
frames 25A and 25B close to the rear surface of the casing. 
Since the panel unit 32 is greater than the opening 7 
perforated in the rear surface of the casing, once the lamp- 
housing unit 15 is housed into the outer housing 23 though 
the opening 7, the opening 7 is covered by the panel unit 32 
of the lamp-housing unit 15. Reference numeral 33 denotes 
handgrips integrally formed with the panel unit 32, and the 
handgrips 33 are gripped when the lamp-housing unit 15 is 
mounted or dismounted. Reference numeral 34 is a lock 
member of the lamp-housing unit IS against the casing 1, and 
a knob 34a for operating the lock member is placed in the 
center of the handgrips 33. 

The lamp-housing unit 15 is supported by the outer 
housing 23 with point contact so as to reduce a frictional 
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resistance and to improve positioning accuracy. Positioning 
of the lamp-housing unit 15 relative to the outer housing 23, 
that is, the position of the lamp-housing unit 15 is 
determined by the outer surface of the box-shaped frame 25B 
of the lamp-housing unit 15 and three springs 35 (see Figs. 
5 and 7) relatively disposed on the inner surface of the 
outer housing 23 and working in the back-and-forth direction, 
in the vertical direction, and in the horizontal direction 
with respect to the optical path. 

As shown in Figs. 4 and 6, the outer housing 23 has a 
light-guiding tube 36 disposed thereon in communication with 
the light-guiding tube 30 of the lamp-housing unit 15. Both 
light-guiding tubes 30 and 36 have a mirror-finished inner 
surface so as to improve brightness and cooling efficiency. 

In addition, after the lamp-housing unit 15 is housed 
into the outer housing 23, the unit 15 is formed just like 
having a double structure, as a result, fresh air sucked 
through slits 37 perforated in the panel unit 32 and flowing 
a gap between the lamp-housing unit 15 and the outer housing 
23 has an increased speed of flow, and also, since a part of 
the fresh air sucked through the slits 37 flows properly 
around the light source lamp 26 due to a guiding action of 
the cooling air tube 31, the housing lamp unit 15 is 
sufficiently cooled. Accordingly, the lamp 26 has an 
extended life and the casing 1 is free from overheat. 
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Reference numeral 38 is a power-off thermal fuse disposed as 
a safety measure in case of overheating. The light-guiding 
tube 36 of the outer housing 23 has a heat-ray cutting 
filter 39 overlaid on one end surface thereof close to the 
light source lamp and fixed to the end surface by a pressing 
plate 40. The light-guiding plate 36 has a mask 41 formed 
on the other end surface thereof on the opposite side of the 
light source lamp. Reference numeral 42 is a connector with 
which the lamp socket 28 of the lamp-housing unit 15 lies 
into contact for conduction of electricity. 

Fig. 8 is an external perspective view of the light- 
guiding unit 16 and the optical head unit 17. 

The light-guiding unit 16 is formed by incorporating a 
dichroic mirror system into a tubular light guide formed by 
a pair of upper and lower frame plates 44 and 45 having a c- 
shape in plan view and inner and outer side plates 46 and 47. 
The above-mentioned light guide has a mirror- finished inner 
surface so as to increase reflectivity and prevent decrease 

in brightness . 

As shown in Fig. 9, the dichroic mirror system is 
formed by arranging a blue-color-reflecting dichroic mirror 
48, a green-color-reflecting dichroic mirror 49, and a 
normal reflective mirror 50 so as to lie from the light 
source 26 in that order and by disposing reflective mirrors 
51 and 52 respectively corresponding to the blue-color- 
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reflecting dichroic mirror 48 and the remotest reflective 
mirror 50 so as to deflect blue light reflected at the blue- 
color-reflecting dichroic mirror 48 and red light reflected 
at the reflective mirror 50 inwardly- When an order of 
color separation is set as described above, the blue light 
has a short light path and the red light has a long light 
path, thereby improving brightness, color reproducibility, 

and color balance. 

The light-guiding unit 16 having the above-mentioned C- 
shape in plan view has the optical head unit 17 disposed in 
a space in the center thereof, and a photosynthetic prism 53 
and liquid-crystal light valves 54 to 56 disposed on the 
corresponding three surfaces of the prism 53 lie in line 
with the corresponding light paths of the blue light, the 
green light, and the red light subjected to color separation 
performed by the dichroic mirror system of the light-guiding 
unit 16. 

The liquid-crystal light valves 54 to 56 respectively 
modulate blue, green, and red signals with an active-matrix 
liquid crystal panel having a driver built therein. 

The prism 53 is a dichroic prism formed by four right- 
angle prisms such that mutually orthogonal two surfaces of 
each of the four right-angle prisms are bonded to the 
corresponding two surfaces of the neighboring two right- 
angle prisms so as to make wavelength- selecting reflective 
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layers (a bluB-color-reflecting surface 57 and a red-color- 
reflecting surface 58) orthogonal to each other. 

Photo-separation and photosynthesis will be described 
with reference to Pig. 9. The blue-color-reflecting 
dichroic mirror 48 allows blue light to be reflected thereat 
and other light to be transmitted therethrough. The 
reflected blue light is deflected by the reflected mirror 51 
and incident on the blue-color-modulating liquid-crystal 

light valve 54. 

The other color light transmitted through the blue- 
color-reflecting dichroic mirror 48 is incident on the 
green-color-reflecting dichroic mirror 49. The mirror 49 
allows only green light to be reflected thereat and red 
light as other color light to be transmitted therethrough. 
The reflected green light travels straight and is incident 
on the green- color-modulating liquid-crystal light valve 55. 

The red light transmitted through the green-color- 
reflecting dichroic mirror 49 is deflected by the reflective 
mirror 50 and again at the subsequent reflective mirror 52 
and is incident on the red- color-modulating liquid-crystal 

light valve 56. 

Of the color light modulated by the corresponding 
liquid-crystal light valves 54 to 56, the blue light is 
reflected at the blue-color-reflecting surface 57 of the 
prism 53, the red light is reflected at the red-color- 
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reflecting surface 58 of the prism 53, and the green light 
is transmitted directly through the prism 53, so that these 
three kinds of color light are subjected to color mixture 
and synthesis, are incident on the lens 18, and form one 
color image so as to be projected onto a screen in a 

magnified manner. 

With the above-described structure, since image data 
provided by the green-color-modulating liquid-crystal light 
valve 55 is not subjected to mirror reverse while image data 
provided by the blue-color-modulating liquid-crystal light 
valve 54 and image data provided by the red-color-modulating 
liquid-crystal light valve 56 are subjected to mirror 
reverse at the corresponding reflecting surfaces SI and 58 
of the prism 53, by constructing a driving driver circuit so 
as to allow only the green-color-modulating liquid-crystal 
light valve 55 to perform display in a mirror-reversed 
manner, an synthesized image is displayed in an agreeable 
manner. 

Fig. 10 is an exploded perspective view illustrating 
the concrete structure of the optical head unit 17. The 
dichroic prism 53 is positioned and supported in the center 
of a box-shaped frame, which is formed by assembling upper 
and lower plates 59 and 60 and front and rear plates 61 and 
62 and which is opened rightward and leftward, by three 
springs 63 (only one of them is illustrated in Fig. 1) 
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working respectively back and forth, horizontally, and 
vertically. 

The lens 18 is fixed so as to agree with an opening 61A 
in the front surface of the box-shaped frame, and the blue- 
color-modulating liquid-crystal light valve 54, the red- 
color-modulating liquid-crystal light valve 56, and the 
green-color-modulating liquid-crystal light valve 55 are 
respectively fixed in left and right openings and behind the 
rear plate 62 of the box-shaped frame with respective 
springs 64 such that their vertical, horizontal, and back 
and forth optical axes are adjustable. 

Each of the liquid- crystal light valves 54 to 56 is 
sandwiched between a pair of front and rear supporting 
plates 65 and 66, together with an insulating sheet 67 and a 
polarizer (not shown), having slight clearances formed 
between the liquid-crystal light valve and the front plate 
and between the liquid-crystal light valve and the rear 
plate. Also, each supporting plate 65 lying outside has a 
flow straighter 65A having a diverted- skirt shape, disposed 
so as to extend outward along the bottom side thereof, and, 
as shown in a magnified longitudinal sectional view 
illustrated in Fig. 11, the fan 21 placed below the optical 
head unit 17 guides air fresh sucked in the casing 1 to each 
of the liquid-crystal light valves 54 to 56, thereby 
increasing cooling effect without relieving the air outside. 
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In other words, the plate member supporting the liquid- 
crystal light valve is by itself provided with a function 
for straightening the flow of cooling air. 
[Advantages of the Invention] 

Since the liquid crystal projector according to the 
present invention is formed so as to have the above- 
described structure, with at least three color-image-forming 
liquid-crystal light valves, the lamp-housing unit, the 
light-guiding unit, the optical head unit formed by the 
light valves, the photosynthetic prism, and the projection 
lens, the fans for cooling the lamp housing and for cooling 
the optical head unit especially the polarizer, and so forth, 
needed for performing display by projecting an image 
subjected to color mixture and synthesis in a magnified 
manner onto a large screen with the lens are compactly 
housed in the parallelepiped casing, and improved cooling 
efficiency and image quality are obtained. Also, it is 
portable. 

The above-mentioned functional units, the power unit, 
and the driving control-circuit unit are independently 
detachable from the base plate disposed in the casing, 
thereby achieving simple and efficient assembly during 
production and thus improving productivity. Also, each unit 
can be easily accessed for maintenance or replaced with new 
one . 
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The driving control-circuit unit is disposed away from 
heat-generating units such as the power unit and the lamp- 
housing unit, whereby the driving control-circuit unit is 
free from heat affection. 

Also, the driving control-circuit unit is formed by the 
mutually separated analogue and digital circuit units, the 
projector is free from mutual interference between the two 
units and thus from noise generation. 

The light source lamp for projection is often required 
to be replaced with new one. In the case of replacement, 
the lamp can be replaced with new one by dismounting the 
entire lamp-housing unit out from the outer housing fixed in 
the casing without opening the casing, thereby reducing the 
burden of replacement. Also, the lamp-housing unit is 
positioned upon being mounted in the outer housing unit and 
thus requires no subsequent adjustment of the optical axes, 
thereby achieving excellent operability. 
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